Abstract: Primary aldosteronism (PA) is a group of disorders in which aldosterone is excessively produced. These disorders can lead to hypertension, hypokalemia, hypervolemia and metabolic alkalosis. The prevalence of PA ranges from 5% to 12% around the globe, and the most common causes are adrenal adenoma and adrenal hyperplasia. The importance of PA recognition arises from the fact that it can have a remarkably adverse cardiovascular and renal impact, which can even result in death. The aldosterone-to-renin ratio (ARR) is the election test for screening PA, and one of the confirmatory tests, such as oral sodium loading (OSL) or saline infusion test (SIT), is in general necessary to confirm the diagnosis. The distinction between adrenal hyperplasia (AH) or aldosteroneproducing adenoma (APA) is essential to select the appropriate treatment. Therefore, in order to identify the subtype of PA, imaging exams such as computed tomography or magnetic ressonance imaging, and/or invasive investigation such as adrenal catheterization must be performed. According to the subtype of PA, optimal treatment -surgical for APA or pharmacological for AH, with drugs like spironolactone and amiloride -must be offered.
Introduction
Primary aldosteronism (PA) is a group of disorders in which aldosterone production is inappropriately high for sodium status, is relatively autonomous of the major regulators of secretion (angiotensin II, plasma potassium concentration), and is non-suppressible by sodium loading. Such inappropriate production of aldosterone causes hypertension, cardiovascular damage, sodium retention, suppression of plasma renin, and increased potassium excretion, which may lead to hypokalemia [1] .
The first cases of this abnormality were reported by the Polish internist Michał Lityński in 1953, a forgotten author of the first description of primary hyperaldosteronism [2] . Two years later, in 1955, Dr. Jerome W. Conn, a professor of medicine at the University of Michigan, described the syndrome characterized by hypertension, suppressed plasma renin activity (PRA), and increased aldosterone excretion: the syndrome of PA [3] . By 1964, Conn had collected 145 cases, suggesting that up to 20% of patients with essential hypertension could have PA. Others downplayed this percentage as a gross overestimate. Later, Conn adjusted his predicted prevalence of PA to 10% of hypertensives, a prediction that was substantiated nearly 40 years later [3] .
The prevalence of PA varies according to the population investigated. An Australian retrospective study with 199 subjects with hypertension and normokalemia, provided a minimum incidence for PA of 8.5%, a probable incidence of 12% and a maximum incidence of 13% [4] . A retrospective study with a predominantly Chinese hypertensive population, performed in a primary care setting, identified that PA was the underlying cause of hypertension in 5% of the patients [5] . The PA prevalence in hypertensives (PAPY) study, which recruited 1125 hypertensive subjects from Italian centers, identified a prevalence of 11.2% of PA [6] . Douma et al., in a retrospective Greek study with patients with resistant hypertension, confirmed PA in 11.3% of that population. The authors conclude that, since PA is less prevalent in milder forms of hypertension, it is probably less common in patients with hypertension than currently thought. PA would therefore be a tertiary endemic, at specialized referral centers in tertiary hospitals, rather than a primary epidemic disorder [7] . To assess the prevalence of PA in primary care practice, a recent study [8] recruited 1672 patients directly from 19 general practitioners in Italy. This study showed a prevalence of 5.9% of PA, and the overall prevalence of PA increased with the severity of hypertension, from 3.9% in stage 1 hypertension to 11.8% in stage 3 hypertension. Finally, a systematic review and meta-regression analysis [9] , whose aim was establish the prevalence of PA in hypertensive patients, found that the prevalence estimates varied from 3.2% to 12.7% in primary care and from 1% to 29.8% in referral centers. Meta-regression analysis showed higher prevalence rates in studies published after 2000, that aimed at assessing prevalence of secondary hypertension, that were retrospective, and that selected consecutive patients, not using a screening test.
The increasing importance of PA recognition arises from the fact that it can have a remarkably adverse cardiovascular and renal impact. It has been clearly demonstrated that PA increases left ventricle telediastolic volume, occasionally associated with increased wall thickness, as compared with similar patients with essential hypertension [10] . In a cross-sectional study that compared the prevalence of cardiovascular events between patients with PA and matched essential hypertension, the odds ratio at PA diagnosis was 2.6 for myocardial infarction, 1.9 for symptomatic re-vascularized ischemic heart disease, 2.9 for symptomatic heart failure, and 5.0 for atrial fibrillation [11] . According to a meta-analysis, the renal impact was expressed by a relative glomerular hyperfiltration at diagnosis of PA, as compared to essential hypertension [12] . Additionally, microalbuminuria was twice more frequent in PA than in essential hypertension at the same blood pressure level [13] . These findings have been attributed to sodium and water retention, inflammation, endothelial dysfunction, cardiac, vascular or renal fibrosis, sympathetic activation, and insulin resistance [10] .
Since the appropriate treatment of PA -surgery for adrenal adenoma and carcinoma vs. clinical treatment for adrenal hyperplasia -is highly dependent on the precise diagnosis, it is of utmost importance to accurately state the mechanism of PA. Therefore, the aim of the present review was to update the principles of PA investigation and management, highlighting the screening, confirmatory and localization diagnostic tests, and describing the procedures and concerns regarding each test. Literature search on Pubmed database was performed using the terms: "etiology", "epidemiology", "screening", "confirmatory tests", "investigation", "management" and "treatment" combined with the words "primary hyperaldosteronism" or "primary aldosteronism".
Pathogenesis
The two main causes of PA are bilateral adrenal hyperplasia (AH), which represents 60% of the cases [14] , and aldosterone-producing adenomas (APA), contributing to 30% of the cases [15] . Bilateral adrenal hyperplasia (AH or idiopathic aldosteronism) generally occurs as micronodular (rarely macronodular) hyperplasia. APA, also known as Conn's adenoma, is barely more frequent in female than in male patients. Patients with this form of disease are usually younger than those with bilateral AH and are more often affected by severe hypertension combined with marked hypokalemia. APAs are frequently unilateral, solitary tumors of <1.5 cm in diameter [14] .
The uncommon causes of PA include unilateral hyperplasia, aldosterone-producing carcinoma and hereditary forms, such as familial hyperaldosteronism (FH). FH is an uncommon subtype of PA that has three forms of presentation: FH type I or glucocorticoid-remediable aldosteronism (GRA), FH type II, and FH type III. In a study of 300 consecutive patients with PA, two patients were diagnosed with FH type I (prevalence of 0.66%). In the remaining 199 families, 12 were diagnosed with FH type II (6%) [16] .
Clinical and laboratory features
The usual consequences of PA are hypertension, hypokalemia and metabolic alkalosis. The excessive aldosterone secretion leads to an increase in plasma volume and in peripheral vascular resistance, resulting in resistant hypertension [17] .
Milliez et al. [18] demonstrated a markedly increased incidence of stroke (12.9% vs. 3.4%), non-fatal myocardial infarction (4.0% vs. 0.6%), and atrial fibrillation (7.3% vs. 0.6%) in patients with PA compared to those with essential hypertension. About 10 years ago, the association of atrial fibrillation (AF) with hyperaldosteronism was recognized [19] .
Only 9%-37% of the patients with PA present hypokalemia, which is due to a renal potassium wasting effect [17, 20, 21] . In most cases, serum potassium is normal and the likelihood of hypokalemia is higher in severe cases [1] . Absence of hypokalemia does not indicate that the patient does not have PA, because reduced serum potassium has low sensitivity for the diagnosis of this disease [1] . In severe cases, usually when serum potassium levels are below 2.0 mEq/L, rhabdomyolysis can occur [22] . This feature is a rare manifestation of PA that causes the destruction of a high quantity of striated muscle, leading to changes in the balance of electrolytes and fluids, affecting renal function [22] . In addition, during hypokalemia, nephrogenic diabetes insipidus can occur due to renal tubule antidiuretic hormone resistance, causing mild polyuria, polydipsia and nocturia [17] .
A high rate of sodium reabsorption in PA results in hypervolemia. However, peripheral edema is rarely detected if renal and cardiac functions are normal, because after excessive salt retention, the heart releases atrial natriuretic peptide, reducing renal sodium retention [17] .
The urinary hydrogen secretion in renal distal tubule produces metabolic alkalosis, which is usually mild, causing no serious consequences, not being noticeable in some cases. Furthermore, mild hypernatremia and hypomagnesemia, probably due to the preservation of proper urinary dilution and concentration abilities of the kidney, can be seen in some patients [17] . Neuromuscular symptoms caused by electrolyte disturbances, such as weakness and paresthesia, rarely occur in these patients [17] .
Who should undergo screening for PA?
The recently published Endocrine Society guidelines recommend the screening of PA in patients who maintain blood pressure (BP) above 150/100 mmHg after three measurements, performed on different days. In addition, these patients must present refractory hypertension to three standard antihypertensive medications or controlled on four or more antihypertensive drugs. Patients with hypertension associated with spontaneous or diureticinduced hypokalemia, sleep apnea and family history of early onset hypertension or stroke at a young age should be evaluated, as well as all the hypertensive first-degree relatives of patients with PA [1] .
It is important to track PA in patients with adrenal incidentalomas, establishing whether the adrenal mass is benign or malignant with magnetic resonance imaging (MRI), computed tomography (CT) or positron emission tomography with 18F-2-deoxy-d-glucose (FDGPET). Adrenal incidentaloma is an adrenal mass detected on imaging studies performed to evaluate symptoms of a condition not related to the adrenal gland. It is wise to evaluate without delay adrenal masses in children, adolescents, pregnant women and adults <40 years of age, because of the high probability of malignancy [23] .
Case recognition
The aldosterone-to-renin ratio (ARR), obtained through plasma aldosterone concentration (PAC) and plasma renin activity assay (PRA) or plasma renin concentration (PRC), is the cornerstone for screening PA, being considered the most reliable method for the traceability of the disease [1, [24] [25] [26] [27] [28] [29] . The ARR is calculated by dividing the PAC (in ng/dL or pmol/L) by the PRA (in ng/mL/h) or PRC (in mU/L or ng/L). Due to the difficulty in calculating the AAR, given that laboratories provide plasma aldosterone in different units of measurement, and renin is measured as PRA or PRC, an app that assists practicing physicians calculating the AAR has been developed and can can be downloaded from the ESH website and the Apple store [30] . The cut-off value employed to define the presence of PA depends on the method used to measure the hormones (Table 1 ) [31] . ARR has the highest sensitivity and specificity for disease detection and presents advantages in comparison to the isolated PAC measurement, considering pre-analytical factors, such as body posture prior to the collection, diuretics administration and salt intake, besides presenting less intra-and intertest variations [29, 32] .
There are many compounds that may interfere in the accuracy of aldosterone measurement [29, 33] . In the renin-angiotensin-aldosterone system (RAAS), aldosterone is considered a powerful molecule, promoting water and sodium retention, as well as potassium and hydrogen loss [34] . In urine, aldosterone is abundantly presented as aldosterone-18-glucuronide and 3α-5β-tetrahydroaldosterone. Therefore, it requires a 24-h urine sample and acid hydrolysis, or enzymatic methods, for conversion of glucuronide to aldosterone [29] .
Radioimmunoassay (RIA) used to be the most employed method to measure aldosterone, but it has progressively been replaced by chemiluminescence (CLIA). An excellent agreement has been demonstrated between CLIA and RIA. In addition, CLIA is a simpler test, with lower costs, and is environment friendly due to the lack of use of radioactivity. More recently, the purification of aldosterone by liquid chromatography-mass spectrometry has allowed an even more consistent measurement of the substance, although not fully accessible. A reference material is not yet available for quality control of aldosterone measurement [29, 35, 36] .
RIA was traditionally used to estimate renin activity, known as PRA [37] . It is a test with high analytical sensitivity, being more precise for smaller renin concentrations. However, long incubation time and consequently long turnaround times are affected by endogenous substrate (angiotensinogen) concentration that may be elevated in certain conditions such as pregnancy [37] . On the other hand, PRC, measured by CLIA, has received increasing attention. Manolopoulou et al. [38] validated the CLIA assay in PA patients, showing that this method is a convenient alternative for the measurement of PAC and PRC on a single automated analyzer. Therefore, PRA evaluated by RIA has been progressively replaced by PRC measured by CLIA in several laboratories, despite lack of any proven superiority of the former over the latter [26, 28, 39] . Encouragingly, a recent Italian study concluded that the area under the curve for ARR based on CLIA was higher than that for RIA [39] . In the same study, the Youden index for ARR based on CLIA (cutoff point) was 2.06, which corresponded to a sensitivity of 92% and a specificity of 91.6%, and, for the ARR based on RIA, the optimal cutoff value was 38.7, corresponding to a sensitivity of 80% and a specificity of 92% [39] . Hence, CLIA method clearly presents advantages, such as independence on renin substrate availability, handling of plasma at room temperature, more reproducible results, lack of use of radioactivity and the possibility of performing the assay with automation, saving time, costs and human resources [39] .
The ARR test may display false-positive or falsenegative results due to multiple interfering factors. If there is any doubt in the interpretation or regarding the intake of drugs, the test should be repeated. A range of pharmacological substances, such as β-blockers, angiotensin-converting enzyme inhibitors, selective serotonin inhibitors and oral contraceptives influence the screening of the disease (Table 2 ) [1, 41] . Whenever possible, antihypertensive drugs should be replaced by a longacting calcium-channel blocker (CCB) and/or doxazosin for at least 3 weeks and 6 week for spironolactone.
The body posture is another factor that interferes with ARR test, and various protocols are used: reclined posture, sitting position and erect. Endocrine Society guidelines Highlight that ARR is more sensitive when samples are collected in the morning, after being out of bed for at least 2 h, and after being seated for 5-15 min [1] . Lonati et al. [26] compared ARR in a supine position with ARR in an erect position in subjects with arterial hypertension. A significant increase in ARR value was found in erect position for 1 h when compared to a supine position. However, another study compared the ARR in patients with PA and in patients with arterial hypertension in a supine position at night and erect posture for 1, 2 and 4 h. The authors considered that the erect posture for 1 h was the ideal position, with higher sensitivity and specificity [42] . On the other hand, Barigou et al. [43] showed a strong correlation between ARR in sitting position and ARR in a supine position and erect, indicating that the ARR sitting position could replace the ARR in a supine position in clinical practice.
Exclusion tests
The ARR, used as a screening test for PA, may not be sufficient to establish the PA diagnosis, especially in terms of specificity [44] . In this context, confirmatory tests are actually used to exclude false-positive results in the screening test, since all available tests present negative predictive values higher than their positive predictive values, considering the prevalence of PA among the selected population. Therefore, this approach is useful to discard, with a significant level of certainty, the disease in those patients who have a negative result, avoiding unnecessary costs in imaging and invasive investigation, such as adrenal venous sampling (AVS) [44] .
The general recommendation is that the patient should undergo one or more of the following tests, such as oral sodium loading (OSL), saline infusion (SIT), captopril challenge (CCT) or fludrocortisone suppression test (FST) ( Table 3 ) [1, 44] . However, for patients that present spontaneous hypokalemia, plasma renin below detection levels and PAC > 20 ng/dL (0.555 nmol/L), confirmatory tests are not necessary [1, 44] .
In fact, based on the current literature, no available test is recognized as the gold standard, since there is no international standardized protocol properly validated for PA confirmation [1, 44, 46] . As pointed out by the French consensus, this scenario may be explained by the following: (a) available studies have small series of patients, (b) there is no validated reference test, (c) lack of consensual cutoffs values for positivity, (d) lack of studies comparing the different types of tests, (e) difficulty in performing saline loading in some clinical conditions and (f) the possibility of false-negative results in cases of aldosterone suppression along the presence of lateralization in AVS [44] . Moreover, the mechanisms of CCT, FST, SIT and OSL are based on the premise that the increased aldosterone secretion in PA patients is autonomous and non-suppressible [44, 47] . However, several studies have already demonstrated that this fallacy may lead to a misdiagnosis. Many APA express type 1 angiotensin II receptors, and for that reason, can be responsive to changes in renin-angiotensin system. In this context, many potentially curable patients may not be considered for surgical treatment based on false-negative results [47] [48] [49] . Therefore, in particular cases of patients seeking surgical cure and with high ARR, proceeding directly to imaging and AVS should be considered, or repeating the screening ARR under strict protocol conditions in those whose first ARR was inconclusive [47] .
Although some studies have suggested differences among these tests in terms of sensitivity, specificity and reliability, there is no definitive evidence to recommend one over the other, and the choice is usually based on patient compliance, cost, laboratory routine and local expertise [1] .
Subtype classification
The hypersecretion of aldosterone in PA can be either bilateral, in the case of adrenal hyperplasia (AH), or unilateral, usually due to aldosterone-producing adenoma (APA) and unilateral adrenal hyperplasia [50, 51] . The distinction between these presentations is essential to select the appropriate treatment, which can be surgical and potentially lead to the cure in unilateral PA, or to a lifelong pharmacological treatment in the case of bilateral disease [1, 50, 52] . In order to identify the subtype of PA, computed tomography (CT)/magnetic resonance imaging (MRI) and adrenal vein sampling (AVS) should be performed.
Adrenal imaging
Adrenal imaging can be useful before proceeding to further invasive subtype investigation. CT is mainly recommended to exclude large masses (e.g. >4 cm) that may represent aldosterone-producing carcinoma and to provide anatomical information, such as the localization of the right adrenal vein for posterior catheterization [1] . However, this method has several limitations. Hyperplastic adrenal glands are usually normal on CT, and micro-aldosterone-producing adenomas are not always detectable [1, 51] or may be considered to be part of bilateral nodular hyperplasia. Therefore, misdiagnosis on both directions is not uncommon. Furthermore, CT findings cannot provide information about the secretory activity of nodules -that may be nonfunctional, especially in patients who are older than 35 years [1, 50-52] -which increases the likelihood of false-positive results. A systematic review of 38 studies, including 950 patients, showed that in 37.8% of cases, CT/MRI results did not agree with AVS results, leading to inappropriate adrenalectomy in 14.6%, inappropriate medical treatment in 19.1% and adrenalectomy in the wrong side in 3.9% [53] . Furthermore, it has been demonstrated that in patients who underwent unilateral adrenalectomy, imaging were concordant to the surgically documented side in 58.6%, while AVS was in 97.1% [54] . Similar results were found in a retrospective study conducted by Ladurner and coworkers that showed preoperative MRI or CT imaging are insufficient for a correct lateralization of primary aldosteronism. Thus, AVS represents an essential diagnostic step to distinguish between unilateral and bilateral disease [55] .
MRI is reserved for cases in which CT is not indicated, as it is more expensive and has inferior spatial resolution than CT [52] .
Adrenal vein sampling (AVS)
Adrenal venous sampling (AVS) is the most reliable method to identify the subtype of PA, with 95% and 100% of sensitivity and specificity, respectively. Therefore, the last Endocrine Society guideline recommends proceeding with AVS to implement the most adequate treatment in those patients who seek a potential surgical cure for PA [1] .
Despite efforts to assess the cause of PA with noninvasive methods, such as SIT, they are in fact unable to discriminate between APA and AH [56] . It has been suggested that in younger patients with marked PA (spontaneous hypokalemia, plasma aldosterone concentration >30 ng/dL [0.831 nmol/L]) and CT findings of probable solitary unilateral adenoma, the AVS would not be necessary to indicate the adrenalectomy [1, 54] (Figure 1 ). However, this is quite a weak suggestion, since it was based in the results of a small retrospective observational study. Familial PA types I and III in young patients with PA or suggestive familiar history should be considered and excluded before proceeding to the AVS [51] .
Although there is enough evidence to support the use of AVS, this is still an underused procedure due to the technical difficulties, to the potential risks involved such as adrenal vein rupture (0.6%), and due to the lack of accepted criteria to interpret its results [51, 52, 57] . Moreover, there are no uniform standards to perform AVS procedures among different centers [1, 51] . The variability of the techniques includes (a) simultaneous or sequential bilateral catheterization without stimulation; (b) unstimulated sequential or simultaneous bilateral catheterization followed by bolus cosyntropin-stimulated sequential or simultaneous bilateral AVS (250 μg of cosyntropin); or (c) continuous cosyntropin stimulation (infusion of 50 μg/h, 30 min before catheterization and during the procedure) with sequential bilateral AVS [1] .
Continuous cosyntropin stimulation is recommended by some groups in order to reduce fluctuations in aldosterone secretion caused by stress during sequential catheterization, to maximize the selectivity index to confirm successful sampling of adrenal vein and finally to maximize aldosterone secretion from an APA during the AVS [1, 51] . However, although cosyntropin use increases the selectivity index, there are evidence in literature demonstrating that this approach leads to inconsistent results due to variable responses of adrenal gland to cosyntropin, whether or not APA is present [58] , and to the lack of conclusive evidence about its superiority to determine lateralization of aldosterone excess [51] . Moreover, the use of cosyntropin could stimulate aldosterone secretion of the contralateral adrenal from an APA as well, masking a unilateral type of PA [59] . Therefore, it has been demonstrated that the systematic use of cosyntropin stimulation does not improve the diagnostic accuracy of AVS.
When cosyntropin infusion is not employed, the AVS should be performed in the morning, after being in supine position overnight, in order to avoid changes in aldosterone levels that may occur in patients with angiotensin II-responsive varieties of PA and to take advantage of endogenous corticotropin levels on aldosterone levels in all subtypes of PA [1] .
Some centers use simultaneous AVS technique to avoid the fluctuation differences in aldosterone concentration [1, 51, 57] . In fact, the simultaneous catheterization of adrenal veins was proven to provide more reliable results, since more than a half of the patients undergoing AVS present an ACTH-induced stress response, causing an increased cortisol release, which may lead to misinterpretation of the selectivity index when sequential catheterization is used [60] .
Before the procedure, medications should be withdrawn for at least 3 weeks; 6 weeks for mineralocorticoid receptor (MR) antagonists [52] , which may lead to a stimulation of the opposite adrenal gland of an APA, masking the unilateral aldosterone production [1] . Plasma renin or renin activity can be measured in order to verify the hormone suppression, and then proceed to the AVS independently when the drug has been withdrawn [52] . It is also important to correct hypokalemia with oral or intravenous potassium before AVS, since hypokalemia may lead to a decrease in aldosterone secretion and potentially mask a unilateral APA [53] .
The adrenal vein catheterization procedure is usually performed by an interventional radiologist, using percutaneous femoral vein approach. The position of the catheter is verified using non-ionic contrasted radiography, and the selectivity index through cortisol concentrations from adrenal veins and peripheral veins (Figure 2) . Significant improvements in the diagnostic performance of AVS were possible after the introduction of selectivity index and lateralization index, which allowed the confirmation of the correct catheterized site and the detection of lateralized aldosterone excess when present, respectively [61] . However, data in literature regarding the best cut-off values of the indices for the accurate identification of the successfully executed procedures as well as the identification of potentially curable patients with APA remain controversial [62] . Table 4 (ii) Lateralization index (LI): Used to establish whether a lateralized aldosterone excess exists -aldosterone/cortisol on the dominant side: aldosterone/ cortisol on the non-dominant side [50, 51, 57] . The aldosterone plasma concentrations from each side are divided by their respective cortisol concentrations in order to avoid potential dilution effects. If the procedure is performed with cosyntropin stimulation, the lateralization is confirmed if the cutoff of cortisol-corrected aldosterone ratio from dominant to non-dominant side is more than 4:1 [1, 63] ; bilateral aldosterone hypersecretion is probable considering a ratio of <3:1 [1, 52] . The ratios between 3:1 and 4:1 must be interpreted carefully in the context of clinical presentation, CT findings, ancillary tests and another AVS should be executed if it is possible [1] . There is evidence demonstrating that values of LI between 2 and 4 may be present in patients without confirmed PA [63] . Without the cosyntropin stimulation, the lateralization cutoff to determine unilateral disease is considered to be more than 2:1 by some centers. Other groups consider the lateralization confirmed when the aldosterone-cortisol ratio in the dominant adrenal vein is at least 2.5 times greater than the aldosterone-cortisol simultaneously collected in the peripheral vein and the contralateral adrenal vein aldosterone-cortisol ratio is no higher than peripheral [1] . (iii) Contralateral suppression index (CSI) : Used to determine the aldosterone suppression in non-dominant adrenal side that suggests aldosterone overproduction in the opposite side [52] . Contralateral suppression is considered when the aldosterone to cortisol ratio in the non-dominant adrenal is less than the ratio in the inferior vena cava (IVC) or in the peripheral vein sample (CSI < 1) [52] . CSI can be used when cannulation of the other adrenal vein is not possible or when LI is between 3:1 and 4:1 [51, 52] . There is evidence demonstrating that the presence of CSI may be a predictor of successful surgical resolution of hypertension in PA patients [64] . However, CSI by itself is not enough to predict unilateral PA, since up to 30% of patients with bilateral AH showed suppression with CSI [52, 58] . In addition, it should be considered that aldosterone hyperproduction from an APA is frequently insufficient to suppress aldosterone production from the contralateral adrenal gland [52] . (iv) Relative aldosterone secretion index (RASI): This novel index is obtained with PAC in the adrenal vein to PAC in the IVC ratio divided by selectivity index in the same side. RASI can be useful in unilaterally selective AVS procedures, as demonstrated in a study [58] that found a specificity of 100% in excluding non-APA cases or ipsilateral APA, when considering non-dominant side RASI of 0.9 or less after metoclopramide aldosterone stimulation. In addition, the index can help to unmask potential misleading suppression of aldosterone in patients without unilateral PA, once no non-APA patient showed a RASI 0.9 or less on the non-dominant side [58] .
Treatment
For patients with documented unilateral PA, unilateral laparoscopic adrenalectomy is the recommended treatment. If a patient is unable or unwilling to undergo surgery, medical treatment is proposed, including a MR antagonist (Table 5) . If an ARR-positive patient is reluctant or unable to undergo further investigation, medical treatment including an MR antagonist is similarly recommended. 
Pharmacological treatment Spironolactone
Spironolactone represents the first-line medical treatment of PA and the literature testifies its efficacy not only with respect to hypertension, but also to protection of several target organs. It is a competitive antagonist of both aldosterone and androgen receptors and behaves as a weak agonist of the progesterone receptor. Spironolactone inhibits sodium reabsorption in the basolateral membrane of the principal cells of the renal collecting duct, directly by inhibiting Na/K ATPase and indirectly by inhibiting epithelial sodium channel. The resultant potassium retention makes spironolactone a potassium-sparing diuretic [13] . The natriuretic effect persists for several days after cessation of the drug, while the effects on renin secretion may take several weeks to disappear. Therefore, when patients need biochemical assessment for PA, cessation of spironolactone treatment for at least 6 weeks is recommended [65] . Despite a clearly demonstrated dose-response relation for spironolactone side effects, a significant incidence of adverse effects is found at 25-50 mg/day. One study reported 7% incidence of gynecomastia at 6 months for doses < 50 mg/day and 52% incidence for >150 mg/day [17] .
Eplerenone
Eplerenone a selective MR antagonist without antiandrogen and progesterone agonist effects, thus reducing the rate of adverse endocrine side effects [1] . Eplerenone in vivo has 50% of the MR antagonist potency of spironolactone. Its better tolerability profile needs to be balanced against its higher cost and the possibility that spironolactone may lower BP more effectively than eplerenone in the medical treatment of PA [1] . Eplerenone is a good alternative in case of side effects of spironolactone [66] .
Amiloride
Amiloride is an epithelial sodium channel blocker (ENacblocker) used as a potassium-sparing diuretic that can ameliorate hypertension and hypokalemia in patients with PA. It is generally well tolerated and lacks the sex steroid-related side effects of spironolactone, but it does not provide the beneficial effects on endothelial function [21, 22] . In mild cases or when the patient does not tolerate spironolactone or eplerenone side effects, ENaC-blockers may be added to MR antagonists in order to reduce the doses and thus the side effects of these drugs [67] . 
Calcium-channel blockers (CCB), angiotensin converting enzyme (ACE) inhibitors and angiotensin receptor blockers (ARB)
They have been evaluated in very few patients with PA, and in general, they are antihypertensive drugs without a major effect on MR activation. They are, nevertheless, commonly used to lower BP (in combination with MR antagonists) if BP remains above normal [68] .
New agents modulating the renin-angiotensin-aldosterone system Finerenone
Although finerenone competitively antagonizes the MR, it shows more natriuretic effects than spironolactone and eplerenone. The safety and tolerability of finerenone was studied during the mineralocorticoid-receptor antagonist tolerability study (ARTS) in patients with heart failure and mild/moderate chronic kidney disease, showing less hyperkalemia when compared with spironolactone. The longterm effects of finerenone will be investigated in a phase III study for the treatment of chronic heart failure [69] .
Aldosterone synthase inhibitors (ASIs)
The key enzyme in aldosterone production is aldosterone synthase (CYP11B2). CYP11B2 is predominantly expressed in the adrenal gland, but it is also expressed in the cardiovascular system and brain. FAD286, the R-enantiomer of fadrozole, was initially used as a drug to treat breast cancer, and showed benefits in therapy of cardiovascular disorders in experimental models of cardiovascular diseases and diabetes. Phase II studies with another agent, LCI699, showed that in patients with primary hyperaldosteronism characterized by severe hypertension and hypokalemia, there was a reversible and dose-dependent 70%-80% decrease in plasma and urinary aldosterone concentrations with a massive accumulation of the aldosterone precursor, deoxycorticosterone, in the plasma [69] .
Surgical treatment
Unilateral laparoscopic adrenalectomy is the preferred management approach for most patients with localized aldosterone-producing adenoma and unilateral adrenal hyperplasia, because this treatment effectively normalizes endogenous aldosterone secretion and hypokalemia, both improving BP and reducing the number of drugs required to control BP, as well as being cost-effective [1, 70] . The benefit of this procedure is much higher than its risks [1] . However, increased BP can persist after adrenalectomy, usually when the primary hypertension coexists with PA and the patient is older and/or presents long-term hypertension [71, 72] . An effective patient cure (BP < 140/90 mmHg) can be negatively affected by numerous factors, such as family history of hypertension, more than 5 years' duration of hypertension, presence of hypokalemia, age >50 years, low urinary aldosterone secretion, presence of increased serum creatinine, reduced response to spironolactone and preoperative requirement of two or more antihypertensive medications [54, [73] [74] [75] [76] . Prior to surgery, both hypertension and hypokalemia should be well controlled, sometimes requiring a delay in surgery and the addition of an MR antagonist. In the postoperative process, plasma aldosterone and renin activity levels should be shortly measured after surgery, to check if there was a satisfactory biochemical response; nevertheless, notice that renin levels may not reduce immediately. Clinicians should also interrupt potassium supplementation and spironolactone and, if appropriate, reduce antihypertensive therapy on postoperative day 1. Furthermore, during the first few weeks after surgery, a generous sodium diet is recommended in order to avoid hyperkalemia. This phenomenon is due to the hypoaldosteronism that originated from chronic contralateral adrenal gland suppression. Persistent hypoaldosteronism may occur in up to 5% of adrenalectomized patients, requiring mineralocorticoid replacement therapy with fludrocortisone [1] .
Conclusion and perspectives
Since the ARR is the cornerstone of PA screening, health professionals should be aware of the increasing worldwide tendency of replacing the evaluation of plasma renin activity by the direct measurement of renin concentration. Such change hugely modifies cutoff points of ARR in the order of 10 times, from about 20 to 2 as the novel cutoff using renin concentration. Regarding the so called "confirmation tests", such as saline infusion test, these are actually employed as an exclusion tool, since they present an elevated negative predictive value, therefore eliminating the possibility of disease in patients with negative results. These tests are required to avoid further invasive investigation in cases of false-positive screening. Concerning imaging, CT is mainly recommended to exclude large masses that may represent aldosterone-producing carcinoma, and also to provide vascular anatomical information prior to catheterization. At this point, subsequent adrenal vein sampling (AVS) is usually indicated, in order to identify unilateral or bilateral aldosterone overproduction. The relative aldosterone secretion index (RASI) is a novel index, with a specificity of 100% that has enhanced the diagnostic performance of the examination. Proper evaluation and timely treatment of primary aldosteronism definitely improves the prognosis of these patients. 
